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Abstract –We investigate the interaction between a topological insulator nanoparticle and a
quantum dot in an impulse magnetic field. Since topological insulators are nonmagnetic, after
the impulse has ended only the localised topological surface modes, which are quantised in terms
of dipolar bosonic modes, thus coupling dipolarly to the quantum dot. Hence, the hybrid system
can be treated as a single bosonic mode interacting with a two-level system, where the coupling
strength is quantised in terms of the magnetoelectric polarizability. We implement the interaction
of the hybrid with the environment through the coupling with a continuum reservoir of radiative
output modes and a reservoir of phonon modes. Using the method of Zubarevs Green functions,
we derive an expression for the optical absorption spectrum of the system. We find the emergence
of Fano resonances which are direct manifestations of the Z2 invariant of topological insulators.
We present numerical results for a topological insulator nanosphere made of TlBiSe2 interacting
with a CdSe quantum dot.
I. Introduction. – Topological insulators (TIs) are
an interesting class of materials that behave as insula-
tors in the bulk while exhibiting conducting helical sur-
face or edge states that are protected by time-reversal
(TR) symmetry [1,2]. Aside from their microscopic distin-
guishing features, TIs also exhibit bulk magnetoelectricity
when TR symmetry is broken on the surface [3]. In TIs,
the application of a magnetic field induces an electric po-
larisation, whereas an electric field induces a magnetisa-
tion. This is the topological magnetoelectric (TME) effect,
which is characterised by a coefficient quantised to the fine
structure constant. The experimental observation of the
quantised magnetoelectric response is specially important
because it would corresponds to a direct measurement of
the Z2 invariant through a response function.
The optical properties of hybrid plexcitons (i.e. sys-
tems formed by semiconductor quantum dots and plas-
monic nanostructures) have attracted great attention due
to its potential applications in photonics and optoelec-
tronics. One of the distinguishing features of hybrid plex-
citons is the emergence of Fano resonances in the optical
absorption spectra [4]. While originally developed to ex-
plain the inelastic scattering of electrons in helium [5],
the ultrasharp spectrum of Fano resonances has become
itself in a centerpiece in the realization of many modern
optical devices [6–8]. Also, its peculiar asymmetric line
shape is found to be extremely sensitive to environmental
changes, a characteristic which has enabled the realization
of highly sensitive and accurate sensors [9,10]. In this Let-
ter we suggest that such sensitiveness, together with the
recent advances in the fabrication of nanostructured de-
vices made from TI materials (i.e. TI nanoparticles [11,12]
and nanowires [13, 14]), can be used to form a topological
hybrid plexciton from which the Z2 invariant of TIs can be
measured.
The system we shall consider is composed by a quantum
dot interacting with a TI nanoparticle subject to an ap-
plied magnetic field. As we discuss now, the appearance
of Fano resonances in this hybrid will be a direct signature
of the Z2 invariant of TIs. Consider a magnetically per-
meable sphere subject to a uniform magnetic field. The
magnetic field will magnetise the material, which can be
described by the appearance of an image magnetic dipole
at the center of the sphere. If the same thing is done with
a topological insulator sphere, of which the surface states
have been gapped by TR symmetry breaking, in addi-
tion to the image magnetic dipole an image electric dipole
will also appear at the same place. Since TIs are mostly
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nonmagnetic, the induced dipoles will be topological in na-
ture, i.e. they are direct manifestations of the TME effect.
Therefore, this configuration is appropriate to measure the
Z2 invariant of TIs. To this end, in this Letter we investi-
gate the effect of an impulse magnetic field upon the topo-
logical insulator-quantum dot hybrid. Once the impulse
has ended, only the localised topological modes will remain
at the TI surface, which can be described by well-defined
dipolar bosonic modes, and which in turn couple dipolarly
to the intrinsic electric dipole moment of the quantum dot.
Taking into account the coupling with the environment
(through the coupling with a continuum reservoir of radia-
tive output modes and a reservoir of phonon modes), we
establish the Hamiltonian describing the full open quan-
tum system and show, by using the Zubarev’s Green func-
tion method, that Fano resonances appear in the optical
absorption spectrum. These topological Fano resonances
are direct manifestation of the Z2 invariant of TIs. For
numerical calculations we consider the specific case of a
Cadmium Selenide (CdSe) QD in proximity to a topologi-
cal insulator nanoparticle made of TlBiSe2, both immersed
in a polymer layer such as poly(methyl methacrylate).
II. Classical electrodynamics considerations. –
Topological magnetoelectric effect. The electromagnetic
response of a conventional phase of matter (namely, insu-
lators and metals) is governed by Maxwell equations de-
rived from the ordinary electromagnetic Lagrangian L0 =
(1/8pi)[0E
2−(1/µµ0)B2], where  and µ are the relative
permittivity and permeability of the medium. The non-
trivial bulk topology of Z2 TIs is well described by adding
a term of the form Lθ = (α/piZ0) θE ·B, where α is the
fine structure constant, Z0 =
√
µ0/0 is the impedance of
free space, and θ is the topological magnetoelectric polar-
izability [3]. For TIs, the only nonzero value compatible
with TR symmetry is θ = pi (modulo 2pi), and thus has no
effect on Maxwell equations in the bulk. Its only physical
manifestation, a half-quantised Hall effect on the samples
surfaces, becomes manifest only in the presence of surface
magnetization, in which case we have θ = ±(2n + 1)pi,
where n ∈ Z+. Due to the existence of the θ-term, the
electromagnetic response of a fully gapped TI is described
by Maxwell equations in matter, with however the modi-
fied constituent equations
D = 0E +
αθ
piZ0
B, H =
1
µµ0
B − αθ
piZ0
E. (1)
The most important consequence of this theory is the
TME effect to characterize the nontrivial Z2 topology of a
TI in its electromagnetic properties. Specific TMEs have
been predicted on the basis of this theory [15–17], but it
has been experimentally verified only through the mea-
surement of Kerr and Faraday angles at the surface of a
strained HgTe 3D TI [18].
Spherical TI in a monochromatic magnetic field. Now
let us consider a spherical nonmagnetic TI embedded in
a dielectric fluid, as shown in figure 1. The system is
Fig. 1: Schematic of the topological insulator-quantum dot
hybrid in the presence of an external magnetic field.
subject to an externally applied monochromatic magnetic
field B(r, t) = Re
{
B0e
−iωt}, where B0 = ∑iB0iei is a
constant vector and Re
{ }
indicates the real part. The
TI, of radius R, is characterized by the dielectric permit-
tivity 1(ω), magnetic permeability µ1 ≈ 1, and topolog-
ical magnetoelectric polarizability θ; while the dielectric
fluid has dielectric function 2(ω) and permeability func-
tion µ2 ≈ 1. The TI size is assumed to be small compared
to the wavelength of the applied field, so we can make the
time-harmonic approximation. That is, the electromag-
netic fields can be written as E(r, t) = Re
{
E(r)e−iωt
}
and B(r, t) = Re
{
B(r)e−iωt
}
, where B(r) and E(r) are
the fields associated with the solution of the static Maxwell
equations. This means that the electromagnetic field dis-
tribution in the quasistatic approximation only needs the
EM fields in a constant magnetic field. Due to the TME
effect, the magnetic field polarises the TI sphere, which
can be described by the electric field
E(r, ω) = −
∑
i
3α˜c
3(22 + 1) + 2α˜2
B0i Gi(r) , (2)
where α˜ = α(θ/pi), c = (0µ0)
−1/2 is the speed of light,
and
Gi(r) =
{
ei
−R3r3 [3 (er · ei) er − ei]
r < R
r > R
. (3)
Clearly the electric field inside the TI is uniform as that
of a uniformly polarised sphere, whilst the electric field
outside is dipolar. Note that this electric field is a direct
manifestation of the nontrivial topological order of the TI.
Also, one can show that the magnetic field can be written
as the externally applied magnetic field B0 plus a dipolar
field of the form
B(r, ω) =
∑
i
α˜2
3(22 + 1) + 2α˜2
B0i ξ(r)Gi(r), (4)
where ξ(r) = 1 for r > R and ξ(r) = −2 for r < R.
The time-dependent electromagnetic fields are obtained
by Fourier transforming the previous results. To this end,
a model for the dielectric function is necessary. Because
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of the low concentration of free carriers in insulators, the
dielectric function 1(ω) can be well modeled by
1(ω) = 1 +
ω2e
ω2R − ω(ω + iγ0)
, (5)
with ωR and ωe the resonant and natural frequencies, re-
spectively. The damping parameter γ0 (for which γ0 
ωR) accounts for energy dissipation due to ohmic losses in
the TI. Hence, taking a constant value for 2 and using
the dielectric function (5) we find that when γ0  ω the
electromagnetic fields (2) and (4) can be approximated as
E(r, ω) = −η ω
2
0/2Ω
ω − Ω + iγ0/2
∑
i
cB0i Gi(r), (6)
B(r, ω) = −(α˜/3c)ξ(r)E(r, ω), (7)
where Ω =
√
ω2R + ω
2
0 , ω0 = ωe
√
η/α˜ and
η =
3α˜
3(22 + 1) + 2α˜2
. (8)
Evidently, in this limit the electromagnetic fields (6) and
(7) follow Lorentzian spectra, whose approximation is ap-
propriate when the TI is interacting with a dipole whose
resonant frequency is close to plasmon resonance.
Localised solutions. The EM fields derived above are not
localised solutions because they are driven by a monochro-
matic plane wave that extends infinitely in space. How-
ever, localised solutions are needed in order to quantise
the field modes at the TI surface. To this end, we have
to excite the TI with an impulse function rather than by
a monochromatic field, since after the impulse has ended,
only the localised modes will remain. For an input field
of the form B0(t) = B0 δ(t), the electric field in the time
domain is obtained by Fourier transforming Eq. (6). The
result is
E(r, t) =
∑
i
Λi sin(Ωt) e
−γ0t/2 Gi(r) , (9)
where Λi = −η (ω20/2Ω)B0ic. Clearly, the identity of Eq.
(7) for the magnetic field remains in the time domain. By
direct calculation one can confirm that these fields repre-
sent localised solutions to the field equations: Gi satisfies
both the field equations and the boundary conditions at
ω = Ω in the undamped limit.
III. Quantum optical model. –
Quantisation of the TI response. At this stage we ig-
nore for the moment the term γ0, such that the fields
are steady-state sinusoidal functions. Such term will be
included later with the incorporation of a continuum of
reservoir modes.
From Eq. (9) it is clear that the different cartesian
components of the electromagnetic fields are orthogonal.
Hence we may quantise each individually. A further sim-
plification is in order. Due to the smallness of the TME
effect of TIs, in the following we will retain only the low-
est order contribution in the fine structure constant. Let
us consider the energy of the ith mode of the EM fields
in a dispersive media: Ui =
0
2
∫
[E2i d(ω)dω + (1/µ)B2i ] d3r.
Since the magnetic contribution is suppressed by a factor
of α2∼10−5 with respect to that of the electric field, the
energy of the ith mode can be approximated as
Ui =
0
2
Λ2i sin
2(Ωt)
∫
|Gi(r)|2 d[Re(ω)]
dω
∣∣∣∣
ω=Ω
d3r. (10)
Field quantisation is followed by definition of the nor-
malised amplitude Ai = Λi/N , where
1
N 2 =
0
2~Ω
∫
|Gi(r)|2 d[Re(ω)]
dω
∣∣∣∣∣
ω=Ω
d3r, (11)
such that the energy stored in the electromagnetic
fields (10) can be rewritten in the simple form Ui =
~ΩA2i sin
2(Ωt). Clearly, energy conservation requires an-
other form of energy due to current flowing in the TI sur-
face. To this end, we add a second term in the Hamiltonian
accounting for the periodic conversion between stored po-
tential energy (represented by the energy of the field Ui)
and kinetic energy due to current flowing in the TI. This
energy must be of the form Ki = ~ΩA2i cos2(Ωt) such that
the total energy Hi = Ui +Ki is constant at all times.
The above analysis suggests that introducing the time-
dependent amplitude Ai(t) = Ai sin(Ωt), the total Hamil-
tonian of the field modes can be written as Hi =
(~/Ω)
(A˙2i + Ω2A2i ), which is similar to that of a one-
dimensional harmonic oscillator. The two variables Ai
and 2~A˙i/Ω form a pair of canonical conjugate variables
that can be quantised. To this end, we promote them to
quantum operators as Ai → xˆi and 2~A˙i/Ω → pˆi, which
satisfy the commutation relation [xˆi, pˆj ] = iδij~. Now, in-
troducing the bosonic creation an annhilation operators,
aˆi = xˆi + (i/2~)pˆi and aˆ†i = xˆi − (i/2~)pˆi, the quantum
Hamiltonian describing the surface TI modes becomes
HˆTI = ~Ω
∑
i
(
aˆ†i aˆi + 1/2
)
. (12)
This program also implies the quantisation of the elec-
tromagnetic fields over the TI surface. Indeed, one can
further show that Λi → N2
(
aˆi + aˆ
†
i
)
. Therefore, in the
steady-state condition, the electric field can be quantised
as
E(r, t) =
√
~Ω
20Vm
∑
i
(
aˆi + aˆ
†
i
)Yi(r) , (13)
where the mode volume Vm is defined as the ratio between
the total energy to the energy density inside the TI, i.e.
Vm =
∫ |Gi(r)|2 dRe(ω)dω ∣∣∣
ω=Ω
d3r
U0 , (14)
p-3
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with
U0 = |Gi(0)|2 dRe(ω1)
dω
∣∣∣
ω=Ω
. (15)
Finally, Yi(r) = Gi(r)/
√U0, which is a rescaled ver-
sion of Gi(r). Note that the quantised electric field
in Eq. (13) depends on the electric field per photon
E0 =
√
~Ω/20Vm, but not on the strength of the impulse
magnetic field B0.
Hamiltonian of the system. When the distance between
the TI and the QD is large as compared with the TI radius,
the dipolar approximation provides a reasonable estimate
for the interaction, i.e. Hˆint = −pˆ · E, where pˆ is the
dipole operator and E is the quantised electric field derived
above. When the QD is near the TI surface, higher-order
multipole moments will be required to properly charac-
terise the interaction.
For simplicity we shall consider a spherically symmetric
quantum dot, such that the matrix elements of the dipole
operator, pnm = 〈m|pˆ|n〉, points along a specific direction.
In this manner, Hˆint couples field operators (dipole and
electric field) pointing along the same direction. Applying
the two-level approximation [19, 20], the dipole operator
takes the form pˆ = d(σˆ+ + σˆ−)ei (with i = x, y, z), where
d is the dipole moment of the transition and σˆ+ and σˆ−
are the Pauli raising and lowering operators respectively.
Therefore, the interaction Hamiltonian for a single mode
interacting with the QD can be expressed as
Hˆint = ~g(r) (σˆ+aˆ+ σˆ−aˆ†), (16)
where we have taken only the energy preserving con-
tributions. The TI-QD coupling strength depends on
whether, the electric field points along the dipole direc-
tion (longitudinal coupling, LC) or in the transverse di-
rection (transverse coupling, TC). Explicitly, the coupling
strength reads
g(r) =

+2 d~
√
~Ω
20VmU0
R3
r3
−1 d~
√
~Ω
20VmU0
R3
r3
LC
TC
. (17)
This result implies that the longitudinal coupling is prefer-
able for experimental detection since it is twice stronger
than the transverse coupling. All in all the Hamiltonian
describing the closed QD-TI system is simply Hˆ = HˆTI +
Hˆdip + Hˆint, where Hˆdip = ~ωaσˆ+σˆ− is the dipole Hamil-
tonian (being ωa the resonant frequency of the dipole).
Damping effects due to the interaction of the system
with the environment has to be included in any realistic
model. In this Letter we consider that the system is cou-
pled with a continuum reservoir of radiative output modes
and a reservoir of phonon modes. The Hamiltonian of the
radiative and phonon reservoirs is given by [21,22]
HˆB =
∫
~ω(bˆ†ω bˆω + cˆ†ω cˆω)dω, (18)
while the Hamiltonian describing the interaction between
the system and the reservoirs is
HˆSB = i~
∫
(T1bˆ
†
ωaˆ+ T2cˆ
†
ωaˆ+ T3bˆ
†
ωσˆ
−)dω + h.c. (19)
Here, bˆ†ω and bˆω (cˆ†ω and cˆω) are the creation and annihi-
lation operators corresponding to the radiative (phonon)
modes. The terms T1 =
√
γr/2pi and T2 =
√
γ0/2pi
represent the coupling strength between the TI and the
reservoir modes, while T3 =
√
γs/2pi represents the cou-
pling strength between the dipole and the radiative modes.
Here, γr, γ0 and γs are the scattering rate into free-space
modes, the energy dissipation due to ohmic losses, and
the spontaneous emission rate of the dipole, respectively.
Putting it all together, the full Hamiltonian of the open
system is
Hˆ = HˆTI + Hˆdip + Hˆint + HˆB + HˆSB. (20)
IV. Absorption spectrum. – It is well-known that
the optical absorption spectra is given by the Fermi’s
golden rule according to
σ(ω) ∝
∑
f
|〈f ;n− 1|Vˆ |i;n〉|2 δ(ωfi − ω), (21)
where |i〉 represents the initial ground state of the system,
|f〉 is the corresponding final state, ωfi is the frequency
associated to the energy difference between the final and
initial states, and n is the number of external photons
with frequency ω. For the TI-QD hybrid under consider-
ation, the perturbation Hamiltonian has the generic form
Vˆ ∝ Aˆaˆ† + Aˆ†aˆ, where aˆ and Aˆ (aˆ† and Aˆ†) are the anni-
hilation (creation) operators for the external photons and
excitations of the system, respectively. In this manner,
Aˆ connects the initial and final states of the system, thus
governing the optical absorption properties.
As shown in Ref. [23], the optical absorption spectrum
(21) can be expressed in terms of the retarded Zubarev’s
Green function by
σ(ω) ∝ −Im 〈〈Aˆ; Aˆ†〉〉ω+i0+ . (22)
We recall the definition of the retarded Zubarev’s Green
function of two operators Fˆ and Gˆ in the frequency domain
[24]:
〈〈Fˆ ; Gˆ〉〉ω+i0+ = 1i~
∫ ∞
0
dtei(ω+i0
+)tθ(t)〈[Fˆ (t), Gˆ(0)]η〉,
(23)
where Fˆ (t) means the Heisenberg representation, θ(x)
is the usual step function and the brackets [Fˆ , Gˆ]η =
Fˆ Gˆ−ηGˆFˆ stands for the commutator (anticommutator) of
bosonic (fermionic) operators for η = 1 (η = −1). In this
way, by computing the retarded Zubarev’s Green function
p-4
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〈〈Aˆ; Aˆ†〉〉 we will immediately obtain the optical absorp-
tion spectrum. To this end, we have to employ its equation
of motion [24]
~ω〈〈Aˆ; Aˆ†〉〉 = 〈[Aˆ, Aˆ†]η〉+ 〈〈[Aˆ, Hˆ]; Aˆ†〉〉, (24)
where Hˆ is the Hamiltonian of the system. As we can
see, this expression depends on another Zubarev’s Green
function 〈〈[Aˆ, Hˆ]; Aˆ†〉〉, which can also be calculated by
writing down its equation of motion. Iterating this pro-
cess, one obtains a hierarchy of equations that may need
to be truncated at some point by applying a physical ap-
proximation. This program will produce a linear system of
equations from which we will obtain 〈〈Aˆ; Aˆ†〉〉 and hence
the optical absorption spectrum. The calculation is sim-
ple, but not straightforward. In fact it is too long to be
shown here. Therefore we will present only the final re-
sult. We truncate the iteration process by approximating
the operator σˆ+σˆ− by its expectation value 〈σˆ+σˆ−〉 = n.
The result is
σ(ω) ∝ Im
{
ω − Ω− λ11 − λ22
− (1− 2n)[g(r) + λ13][g(r) + λ31]
ω − ωa − (1− 2n)λ33
} −1
, (25)
where we have defined
λij(ω) =
∫
T ∗i (ω
′)Tj(ω′)
ω − ω′ − i0+ dω
′
= p.v.
∫
T ∗i (ω
′)Tj(ω′)
ω − ω′ dω
′ + ipiT ∗i (ω)Tj(ω). (26)
Here, p.v. stands for the Cauchy principal value. As ex-
pected, the resonance frequency of the quantum modes on
the TI is modified by the interaction with the QD.
In general, plasmonic nanoparticles can interact with
light in several different ways. For example, the scat-
tering, absorption and extinction spectra depends on the
nanoparticle size, shape, and composition. In many appli-
cations involving the use of electromagnetic fields, as the
one tackled in this Letter, specific frequencies are used to
excite the plasmonic nanoparticles in order to obtain the
strongest output field. As shown in Ref. [25], for systems
with a size of a few nanometers, the field strength trends
with absorption and not extinction or scattering. There-
fore, the optical response of our system is well described
by absorption.
V. Numerical results. – Here we apply our results
to a realistic TI-QD hybrid. To this end we use appropri-
ate values for the parameters in Eq. (25). Let us consider
a CdSe QD interacting with a TI spherical nanoparticle
made of the TI TlBiSe2. The parameters for this TI has
found to be µ1 = 1 and 1(0) = 1 + (ωe/ωR) ∼ 4 [26]. We
take an energy for the TI of ~Ω = 2.0 eV and a scattering
rate into free-space modes γr ∼ 1.5 × 10−4 eV. Further,
the damping parameter γ0 satisfies the condition γ0  ωR,
hence it plays a secondary role and we can safely neglect it
in the numerical simulations. The TI spherical nanopar-
ticle is assumed to have a radius of R ∼ 4 nm and be
embedded in a polymer layer of poly(methyl methacry-
late) with permittivity 2 = 1.5 [27]. On the other hand,
we suppose a CdSe QD with a size of 4 nm and with a
spontaneous emission decay rate γs = 6.5× 10−8 eV [27].
The QD resonance energy ~ωa is within a range of 2.7−1.3
eV, an appropriate energy range for CdSe QDs. Also, we
set d = 6.4× 10−28 Cm for the transition dipole moment
[28]. Finally, we consider an output magnetic field with a
wavelength of λ = 620 nm and occupation number n = 0.2
[29].
Figure 2 shows the optical absorption spectrum of the
system for LC (at left) and TC (at right), for a fixed
value of ~ωa = 2.0 eV. Clearly, we observe asymmetric
line shapes which we identify as Fano resonances. Over-
all, Fano resonances results from the interaction between a
continuum of modes and a discrete mode [30]. In our work,
we identify the continuum modes as the output radiative
and phonon modes reservoirs, whilst the discrete mode
correspond to the resonant coupling of the TI-QD hybrid.
Of course, the origin of our Fano resonances lies only in
the topological magnetoelectric effect of the TI nanopar-
ticle (as the induced electromagnetic fields suggest), and
thus they are a direct manifestation of the Z2 invariant of
TIs. In other words, Fano resonances disappear for a van-
ishing topological magnetoelectric polarizability α˜. Note
that the distance between the peaks is related with the
factor appearing in the coupling strength (17), i.e. for TC
the peaks are closer than for LC. Also, by taking ~ωa = 2.7
eV, in Fig. 3 we present the optical absorption spectrum
for different values of the TI-QD distance r. As expected,
the peak associated with the QD (the narrow one) becomes
more pronounced as the TI-QD distance is reduced, and
decreases faster for TC. Finally, in Fig. 4 we illustrate the
optical absorption spectrum as a function of the (rescaled)
topological magnetoelectric polarizability α˜, for fixed val-
ues of ~ωa = 2.7 eV and r = 7 nm. In particular, we
take α˜ = α (which is the lowest nontrivial possible value),
α˜ = 11α and α˜ = 95α. Here, we observe that for TC (at
right) the Fano resonances approach subtly faster than for
LC (at left). Outstandingly, the Fano resonances increase
faster for TC than for LC.
VI. Conclusion and discussion. – In this Letter
we have shown that a topological hybrid plexciton formed
by a quantum dot and a TI nanoparticle subject to an
impulse magnetic field exhibits Fano resonances which are
direct manifestation of the Z2 invariant of TIs. We ap-
plied our results to a realistic TI-QD hybrid composed
by a nanosphere made of TlBiSe2 interacting with a CdSe
QD in a polymer layer such as poly(methyl methacrylate).
Our results can also be tested with linear magnetoelectrics
materials such as Cr2O3 and in some multiferroics. How-
ever, as we discussed, for TIs with TR invariance in the
bulk, the TME effect with a quantised value of α˜ is a
p-5
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Fig. 2: Density plot of the optical absorption spectrum of the TI-QD hybrid as a function of the coupling strength (g) and the
energy ~ω of the photonic field, for longitudinal (left) and transverse (right) coupling. The TI-QD Fano resonance achieve its
maximum approach for the QD resonance energy ~ωa = 2.0 eV.
Fig. 3: Optical absorption spectrum of the TI-QD hybrid for longitudinal (left) and transverse (right) coupling for the distances
r = 7, 8, 9, 10 nm. We fix the QD resonance energy ~ωa = 2.7 eV.
Fig. 4: Optical absorption spectrum of the TI-QD hybrid for longitudinal (left) and transverse (right) coupling for the rescaled
topological magnetoelectric polarizabilities α˜ = α (dotted blue line), α˜ = 11α (dashed red line), and α˜ = 95α (continuous black
line). Here we fix ~ωa = 2.7 eV and r = 7 nm.
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unique signature of the topological nontriviality of the
band structure.
The term topological Fano resonance has been intro-
duced recently to name ultrasharp asymmetric line shapes
which are protected against geometrical disorder of the
sample [31]. Of course, the topological Fano resonances
we report here do not belong to this classification, since
the topological protection here is related with the band
structure of the TI, and not directly with its geometrical
form.
Furthermore, the theoretical analysis carried out in this
work can be extend to other topological materials, such
as topological Weyl semimetals and Dirac semimetals. In
that case, the metallic character of the sample would en-
hance the interaction with a quantum dot, but at the same
time, the topological contribution could be overwhelmed
by the nontopological parts. It is worth to mention that
the Fano resonances reported in this paper are direct man-
ifestations of the magnetoelectric polarizability α˜ charac-
teristic of topological insulators.
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